Introduction
The Van der Woude syndrome (VWS) (OMIM 119300) is a dominantly inherited developmental disorder that was first described by Anne Van der Woude in 1954. 1 The hallmarks of VWS are pits and/or sinuses of the lower lip, cleft lip and/or cleft palate (CL/P, CP). VWS was the most common recognised syndrome among Finnish cleft patients. 2 The penetrance has been estimated to be *90% with both sexes equally affected. 3 ± 5 Lip pits are present in *80%, clefts in *50% and hypodontia in 25% of the gene carriers. 1,6 ± 9 The incidence of VWS is estimated at 1/34 000 livebirths, 6 and the mutation rate at *1.8610
75
. 3 A recent study suggested the possibility of a common origin for a mutation responsible for the majority of VWS cases. 10 In 1987 Bocian et al. reported a patient with lip pits and a deletion in 1q32-q41, and subsequently Murray et al. found linkage between VWS and markers from the same region. 4, 11 Following extended linkage analyses the VWS region was narrowed down to 4.1 cM in 1995 and further to 1.6 cM in 1996. 12, 13 In that region there are at least 15 confirmed genes, 9 putative genes and 3 pseudogenes. 14 Microdeletions in 1q32-q41 have also been reported in families with VWS. 15, 16 A possible modifying locus at 17p11.2-p11.1 was reported when a large Brazilian family was analysed. 17 An allele in this carrying also a defect in the VWS locus. The popliteal pterygium syndrome (OMIM 119500) was recently found to be linked to the VWS, suggesting that this syndrome might well be allelic to VWS region. 18, 19 In the Finnish population VWS is found in *2% of all patients with cleft. 6 Evidence of genetic heterogeneity was first noted among Finnish VWS families by Wong et al. who analysed five pedigrees and found that two of them were unlinked to 1q32-q41. 20 These findings motivated a genome-wide scan to look for evidence for a second disease locus. Figure 1 Pedigree of the VWS family and haplotypes of nine linked markers in 1p34. Marker D1S2797 gave the highest LOD score of 3.18. The disease associated haplotype is marked with a box, and meiotic recombination events detected are indicated by an`x'. The allele`0' indicates that no clear genotype could be assured. No samples were available from individuals 6384 and 6400. Individuals marked with an asterisk were carefully re-examined in purpose of confirming the diagnosis.
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Patients and methods
Family 0057 consists of nine unaffected and 11 affected individuals with a diagnosis of VWS ( Figure 1 ). The pedigree is consistent with autosomal dominant inheritance. The individuals that were re-examined by JR in this study are marked with an asterisk. Originally, the VWS diagnosis was established by a dysmorphologist based on the dominant inheritance pattern and clinical examination of individual 6396 who has lip pits but no associated cleft ( Figure 2 ). Careful clinical re-examination of the family members also supported the absence of additional syndromic features that would suggest a diagnosis other than VWS. All the members of the family have managed well in their employment and social life.
Family 0062 consists of an affected father and two affected children. The father has cleft lip and palate with lip pits but both children have cleft palate only and no pits.
DNA was extracted from peripheral leukocytes using standard methods. In family 0057 the genome scan was performed at the Finnish Genome Center with 381 polymorphic microsatellite markers from ABI PRISM Linkage Mapping Set-MD10 (Applied Biosystems). For the second stage of analysis, six additional markers (D1S247, D1S513, D1S2723, D1S380, D1S1188, D1S2722) within the region flanked by markers D1S234 and D1S2797 were genotyped. The positions of these markers were ascertained from the Marshfield comprehensive human genetic map (http:// www.marshmed.org/genetics/).
In family 0062, the chromosome 1 was analysed with 26 polymorphic markers. In our previous study, seven markers in the critical VWS region with length of 2.5 cM were analysed. 20 Multipoint linkage analyses were performed with the Genehunter program. 21 The disease allele frequency was estimated to be 2610 75 . 6 The inheritance model was dominant with 95% penetrance, and the phenocopy frequency was set at 1610
76
.
Results
In family 0057, a 30 cM region in chromosome 1p34 showed the highest LOD scores in the initial scan. The genotyping of additional markers in this region increased the maximum LOD score to 3.18 at marker D1S2797 with theta=0 and information content of 0.91 (Table 1 , Figure 3 ). This score is close to the theoretical maximum in this pedigree achieved by simulation using SLINK with 200 replicates (data not shown). 22 Changing the phenocopy rate to 1610 73 did not have any affect to LOD scores.
Lowering the penetrance to 90% gave the maximum LOD score 3.16. The LOD scores in all other regions of the genome fell below 1.49. In family 0062 the affected father was homozygous for all the markers from the critical 2.5 cM VWS region. Both the children also share the particular haplotype but the analysis of all other 26 markers covering the whole chromosome 1 excluded the linkage (Figure 4) . Markers from 1p34 region were not tested because the initial analysis did not find any suggestive linkage in 1p34 (Figure 4) . 
Discussion
VWS has shown remarkable genetic homogeneity in all populations. 4, 13, 17, 19, 23 Our surprising finding of a large family that was unlinked to 1q32-q41 prompted a search for a possible second locus, that was mapped in this study to chromosomal region 1p34. The clinical features of family 0057 are typical for VWS with one exception: usually CL/P is twice as common as cleft palate, but in this family nine individuals have CP and only one has CL/P. One explanation to this can be that Finland is one of the few countries in the world where the incidence of CP is higher than the incidence of CL/P. 24 This may suggest that other modifying loci or possibly extrinsic factors are involved in determining the exact phenotype. It is also worth noticing that in this family one individual only has lip pits, when usually lip pits are present in 80% of VWS patients. This observation together with the cleft palate phenotype may imply a new subtype or variation of the Van der Woude syndrome.
Our statistical analysis did not find linkage to 1q32-q41 nor 1p34 in family 0062. Instead, one explanation is that the affected father is a true homozygous for VWS causing mutation in 1q32-q41. This suggestion is supported by the fact that the part of the haplotype (3-5-3-5-3) is identical to the haplotypes of two other previously reported Finnish VWS families. 20 The members of family 0057 shared a 30 cM haplotype with no crossing-overs to allow more precise mapping. Narrowing of the critical region will thus require identification of additional rare families in which the syndrome is linked to 1p34. However, for those VWS families in which only 1q32-q41 was analysed, it might be worthwhile to reassess the new region in 1p34.
Several interesting candidate genes map to the linked region in 1p34. CRTM (cartilage matrix protein, matrilin-1) has already been excluded as a major gene in non-syndromic CL/P families. 25 Cranial neural crest defects have been Figure 3 Maximum LOD score values obtained from the whole chromosome 1 using 37 polymorphic markers in family 0057.
Van der Woude at 1p34 H Koillinen et al 750 reported in endothelin-A receptor ± deficient mice, 26 and endothelin 2 maps to the region we implicate in family 0057. Mutations in COL9A2 cause multiple epiphyseal dysplasia, 27 and cleft palate is seen in many skeletal dysplasias. Sequencing of this part of the chromosome is in progress and will reveal new additional candidate genes for mutation screening.
Van der Woude syndrome is of special interest because the phenotype so closely resembles non-syndromic forms of both cleft lip and palate. Non-syndromic cleft palate has a high incidence in Finland; about one 1.01 per thousand livebirths. 2 So far, no convincing linkage has been established, although a higher recurrence risk for 18 relatives have been observed. 28, 29 The identification of a second VWS locus in 1p34 thus provides a new candidate location for nonsyndromic cleft palate which should be further assessed in such pedigrees.
